I
n North America, %400 000 people experience an outof-hospital cardiac arrest (OHCA), with survival rates of between 9% and 15%. [1] [2] [3] [4] Despite deployment of public access defibrillators in the community, public instruction in bystander cardiopulmonary resuscitation (CPR), the modernization of emergency medical services (EMS) systems, and multiple revisions to American Heart Association (AHA) guidelines for the treatment of OHCA, a survey of published literature in 2010 reported that survival had remained largely unchanged for >30 years. 5 Studies have shown significant variability in the survival of OHCA victims between communities and EMS systems, suggesting that either system-or patient-level characteristics affect overall survival. 6 One of the major determinants of variability in patient outcomes within systems has been shown to be the quality of CPR performed during resuscitation 1, 7 with poor performance associated with worse outcomes. 8, 9 The 2010 recommendations from the AHA for the care of patients with an OHCA concentrated on the importance of highquality CPR with minimal interruptions. 10 The AHA defined 5
components of high-performance CPR that were identified as having the greatest impact on maximizing blood flow and improving patient outcomes. 11 The components are maximizing the chest compression fraction (CCF, or the proportion of time that chest compressions are performed during resuscitation), 12, 13 performing chest compressions at a rate of 100 to 120 compressions/min 9 at a compression depth of ≥50 mm, 11, [14] [15] [16] [17] [18] allowing the chest to recoil completely during the release phase of CPR, 19 and avoiding excessive ventilation. 11 Even with training, rescuers often perform poorly on each of these components, specifically CCF, compression depth, and ventilation rates. [20] [21] [22] [23] Newer defibrillator technology allows for the measurement and recording of CPR metrics with real-time feedback to CPR providers. This allows rescuers to adjust CPR quality during the resuscitation to meet guideline recommendations. 18, 24, 25 Postincident reviews of compression metrics, ventilation rates, and rhythm management also allow for greater physician oversight and feedback regarding resuscitation quality. Several studies have shown improved patient outcomes with the implementation of best practice AHA guideline components within EMS systems, including optimized CPR [26] [27] [28] [29] [30] [31] [32] [33] and timely review of the quality and performance of CPR by professional rescuers after cardiac arrest. 14, 34, 35 We hypothesized that a protocol change that included the implementation of several such best practices within an urban EMS system would result in improved survival in our community.
Methods

Study Setting
The Salt Lake City Fire Department (SLCFD) provides EMS to an urban daytime population of %315 000 over a service area of 111 square miles with an annual emergency call volume of %30 000. EMS providers attempt resuscitation of, on average, %120 OHCA victims annually (range 95 to 130 victims). The department consists of %200 Basic Life Support (BLS) and 140 Advanced Life Support (ALS) providers who staff 8 BLS units and 11 ALS units, responding from 14 stations. A tiered dispatch response matrix, determined by Medical Priority Dispatch System â protocols (Priority Dispatch Corp), is used by the local 911 emergency dispatch center, which instructs callers in bystander CPR. For patients determined to have an uncertain breathing status or who are not breathing at all, the nearest available ALS or BLS unit is dispatched. Additional providers are typically deployed to bring ALS level care to the call and assist with chest compressions. An overall resuscitation crew usually consists of 6 to 8 providers.
Study Design
This is an analysis of prospectively collected data regarding the effects of systemwide interventions to improve cardiac arrest survival. The Institutional Review Board at the University of Utah approved the reporting of these results. Informed consent of subjects was waived.
Inclusion Criteria
Consecutive patients with an OHCA and initiation of CPR between September 1, 2008, and December 31, 2014, were included in the study. The beginning of this period corresponds to SLCFD's adoption of an electronic medical record system (ESO Suite, ESO Solutions), which allowed for the performance of structured electronic queries. Cases were identified via periodic search for all incidents in which the provider's primary or secondary impression was of cardiac or respiratory arrest, along with additional queries for the administration of CPR, defibrillation, or administration of epinephrine. Every 6 months, the local database is crosschecked with Utah State Bureau of EMS reports of cardiac arrests identified within the service district.
Exclusion Criteria
Resuscitation attempts were withheld if the victim had irreversible signs of death or a valid do-not-resuscitate (DNR) order. Arrests due to trauma, drowning, or strangulation were excluded from the database.
Intervention
In September 2011, SLCFD implemented a strategy to reduce hands-off time, improve CPR quality, and extend on-scene resuscitation attempts. EMS crews also began directing OHCA patients to ST-elevated myocardial infarction receiving centers that had adopted targeted temperature management protocols and preferentially performed percutaneous coronary interventions, if indicated. 10 Specifically, the SLCFD strategy included the following additional changes:
1. CPR Quality Improvement Initiatives a. Adoption of defibrillator technology that provides realtime CPR feedback (Zoll E Series Defibrillators; Zoll Corp) using specialized defibrillator pads with an attached sternal accelerometer (CPR-D Padz; Zoll Corp). Before implementation, CPR quality was judged visually. b. The EMS medical director performed a postincident review of all cardiac arrests. Directed feedback was sent to providers involved in the resuscitation via email (in most cases) and in person (if corrective action was needed). Defibrillator data, which includes all CPR data, were required to be attached to the electronic patient care report (ePCR). The medical director reviewed all code data with the use of specialized software (RescueNet Code Review; Zoll Corp) along with the ePCR and generated a report that provided summary measures of CPR quality (average rate, depth, CCF, preshock and postshock pauses, and proportion of all compressions within guidelines for both rate and depth), ventilation frequency, analysis of the rhythm interpretation and treatment decisions, and suggestions for improvement. Before implementation, no formal quality assurance process existed for OHCA patients. c. Adoption of rhythm-filtering technology (See-Thru CPR â ; Zoll Corp) allowed for interpretation of the underlying rhythm, when feasible, with ongoing CPR. When a shockable rhythm was identified, paramedics were instructed to precharge the defibrillator with ongoing compressions and, once charged, the emergency medical technician performing compressions was instructed to initiate an audible countdown to defibrillation, lifting hands off the chest just before defibrillation, and resuming CPR immediately after- Figure 1 . Raw numbers presented in Utstein template format prior to and following the introduction of a system-wide effort to improve survival from out-of-hospital cardiac arrest in Salt Lake City. AED indicates automated external defibrillator; ASYS, asystole; BLS, Basic Life Support; CPC, Cerebral Performance Category; CPR, cardiopulmonary resuscitation; DNAR, Do not attempt resucitation; EMS, emergency medical services; MM:SS, Minutes:Seconds; PEA, pulseless electrical activity; ROSC, return of spontaneous circulation; VF, ventricular fibrillation; VT, ventricular tachycardia.
ward. Previously, standard call and response clearance of the victim before defibrillation was the norm. No delay in initial defibrillation was prescribed. Furthermore, routine pulse checks were eliminated in favor of selective pulse checks when an organized rhythm was seen with a ventricular rate >40 beats/ min and an end-tidal CO 2 value of >20 mm Hg was obtained. Any pause in CPR for a pulse check initiated a 10-second countdown by the rescuer performing chest compressions, and CPR was resumed automatically unless a declaration that a pulse had been detected was made. Previously, the lead paramedic dictated the frequency and duration of CPR pauses for rhythm and pulse checks. d. On-scene resuscitation (versus early transport) was encouraged to avoid interruptions in CPR attributable to patient transfers/transport. Consistent with the indeterminate evidence regarding duration of resuscitative efforts, no upper time limit was given for field attempts, but it was suggested that at least 30 minutes of resuscitation be made and that efforts should continue, or the patient be transported if, after field efforts, good prognostic signs were present. Positive prognostic signs were considered to be an end-tidal CO 2 >20 mm Hg with an organized rhythm, persistent or recurrent ventricular fibrillation, witnessed arrest, or bystander CPR. Online medical control was obtained via a local emergency physician who was involved in all decisions to cease resuscitation efforts in the field. Paramedics were instructed to limit time spent on scene and transport pulseless victims early in select cases. Select cases were defined as patients who were clinically gravid, hypothermia was the cause of arrest, the victim was a pediatric patient, or there was an unstable or unsafe scene. Previously, EMS crews transported nearly all patients to the hospital after 15 to 20 minutes of on-scene attempts. e. To help focus crews' early resuscitative efforts on CPR and defibrillation, passive oxygenation via nonrebreather mask was administered for the first 6 to 8 minutes for all adult witnessed arrests of presumed cardiac etiology while initial CPR and defibrillation attempts were made. 28 Asynchronous ventilation via bag-valve mask was performed during resuscitations for all unwitnessed, pediatric, 36 and respiratory arrests. Following the prescribed period of passive ventilation (or bag-valve mask), paramedics were instructed to blindly insert a supraglottic airway (King LT â ; Kingsystems) without pausing CPR. Previously, paramedics performed multiple intubation attempts via direct laryngoscopy on both adult and pediatric victims early in the resuscitation. In July 2013, video laryngoscopy with channel guided endotracheal tube placement during ongoing CPR replaced the supraglottic airway as the initial airway of choice in adults. The supraglottic airway device was reserved as a backup airway from that time forward. f. In July 2013, an impedance threshold device was added to the advanced airway (ResQPod â ; Advanced Circulatory Systems) to augment negative intrathoracic pressure during the release phase of chest compressions.
2. Simplified Medication Algorithm Adopted a. As advised by 2010 AHA guidelines, atropine was removed as a treatment option for patients in Figure 2 . Flow diagram demonstrating the survival from cardiac arrest prior to and following the introduction of a system-wide effort to improve survival from out-of-hospital cardiac arrest in Salt Lake City. ED indicate emergency department.
pulseless electrical activity and asystole. Amiodarone replaced lidocaine as the antiarrhythmic for recurrent or refractory ventricular fibrillation. b. To minimize intravenous start times, first line access was obtained with an intraosseous needle placed in the proximal tibia (EZ-IO â ; VidaCare Corp). Intra-arrest hypothermia was initiated with chilled saline at 34°F administered as a medication flush fluid (to a maximum volume of 1 L). If return of spontaneous circulation (ROSC) was achieved, cooling was augmented with ice packs to the patient's groin and axilla.
EMS Crew Team Training
a. Resuscitation team dynamics were modeled on socalled pit crew principles, so named after Formula One pit crews, whose team members use a highly choreographed approach to task completion in parallel with virtual autonomy. In resuscitation, this approach assigns crew members to discrete therapeutic tasks that are performed without specific direction from a team leader. Dedicated tasks included airway management, CPR delivery, monitoring and defibrillation, medication administration, and documentation. Positions were assigned before scene arrival and a prespecified location at the side of the victim was prescribed for each crew member. Before implementation, a lead paramedic called out each intervention as desired. 
Data Collection
Patient characteristics and out-of hospital interventions were obtained from the EMS ePCR and entered into an internal Utstein style database (REDCap TM electronic data capture tools hosted at the University of Utah). Hospital outcomes were obtained from the patient's discharge summary and correspondence with a registered nurse liaison at each ST-elevation myocardial infarction receiving center. Neurological outcomes were estimated by using the Cerebral Performance Category (CPC) scale, which is reported by the receiving hospital. 37 A CPC score of 1 or 2 was considered neurologically intact for this analysis.
Statistical Analysis
The principal outcome of this study was the change in proportion, if any, in neurologically intact survival between the preintervention and postintervention phases. Specifically, proportions achieving functional survival (CPC 1 or 2) during the period between September 1, 2008, when the SLCFD adopted its electronic patient care record system, through September 30, 2011, when the systemwide protocol was adopted, were compared with the postintervention period between October 1, 2011, and December 31, 2014. Results were analyzed using STATA/IC 12.1 for Mac (StataCorp). Differences between proportions and continuous variables were tested by using the STATA commands prtesti and ranksum, respectively. Changes in CPR depth, rate, and CCF over time were analyzed by using least squares linear regression. Multivariable logistic regression was used to test the association between the intervention and neurologically intact survival while controlling for age and sex, initial shockable rhythm, whether the patient was a witnessed arrest, and whether bystander CPR was administered. A 2-sided value of P<0.05 was considered to be statistically significant. 
Results
Between September 1, 2008, and September 30, 2011, SLCFD EMS personnel attended 918 cardiac arrests, attempting resuscitation in 330 (36%), resulting in 25 neurologically intact survivors (8%). Post protocol implementation (October 1, 2011, to September 2014), EMS personnel attended 1057 cardiac arrests, of which 407 (39%) resuscitations were attempted, resulting in 65 neurologically intact survivors (16%). The proportion of cases in which resuscitation was attempted was not statistically different between periods (P=0.24). The unadjusted increase in overall functional survival between periods was 8.4% (95% CI 3.8% to 13.0%, P=0.0005). The number needed to treat to gain an additional neurologically intact survivor using the new protocol was 12.
The Utstein template for the time periods of interest is given in Figure 1 . For a CONSORT style flow diagram, see Figure 2 . Patient demographics and resuscitation variables were similar between groups with the exception of bystander CPR and ROSC in the field, which were both higher in the postintervention period (Table 1) Selected Utstein process information is presented in Table 2 . Response times and defibrillation times were similar between periods. In the postintervention period, paramedics administered more epinephrine, consistent with longer onscene resuscitation efforts. The reduction in atropine administration corresponded with the removal of this drug from 2010 guidelines. Rates of in-hospital postarrest targeted temperature management were similar in both periods. Among patients with an initial shockable rhythm who survived to hospital admission, postarrest diagnostic angiography was higher in the postintervention period, 54 (83%) of 65 versus 31 (65%) of 48 (P=0.03), consistent with the revised destination criteria.
CPR quality measures were also examined. CCF did not change in a statistically significant fashion over time (P=0.8); however, CPR rate decreased significantly (Figure 3 , P<0.0001 for slope) and depth increased (Figure 4 , Figure 6 . Distribution of CPC scores at hospital discharge between patients prior to and following the introduction of a system-wide effort to improve survival from out-of-hospital cardiac arrest in Salt Lake City. CPC indicate cerebral performance category.
P=0.006 for slope). Further, there was a significant increase in the proportion of chest compressions/resuscitation attempts that were within AHA guidelines for both rate and depth over time ( Figure 5 The univariate odds ratio for the association between neurologically intact survival (CPC categories 1 and 2) and protocol implementation was 2.3 (95% CI 1.4 to 3.7, P=0.001) and was unchanged after controlling for Utstein variables (Table 3) . Among discharged patients, the distribution of CPC scores was more favorable in the postintervention period (P<0.0001), as demonstrated in Figure 6 .
Discussion
The implementation of several protocol changes, including several AHA best practice recommendations for EMS resuscitation of OHCA patients, improved patient outcomes in Salt Lake City, Utah. Specifically, systemwide EMS initiatives focused on high-quality and minimally interrupted CPR, prolonged scene efforts, preassignment of specified interventions (pit crew model), improved physician oversight, and the transport of OHCA patients with ROSC to ST-elevation myocardial infarction receiving centers. Many of these practices were selected for implementation because they have been associated with both improved patient survival to hospital discharge and favorable neurological outcome in other systems. 11, [26] [27] [28] 33, 38, 39 Because multiple interventions were simultaneously adopted in an attempt to improve care, it is impossible to identify the components responsible for the observed increase in survival. However, given the historical importance of BLS-level interventions, improvements in the quality of CPR and rapid defibrillation are most likely to impact cardiac arrest survival. Coordination of tasks and minimization of CPR interruption have been shown in the past to improve CPR performance. 11, [40] [41] [42] Another vital addition to the process was timely feedback to the EMS crews regarding the codes in which they participated. Directed feedback has been show to be instrumental in helping EMS crews with process improvement measures. 14, 34, 35, 43 We measured significant improvements in compliance with AHA guideline-based targets for CPR metrics over time through the use of both real-time and offline CPR feedback. Over sequential resuscitation attempts, compression depth increased, compression rate decreased, and the proportion of chest compressions achieving both target rate and depth also increased. Following protocol implementation, providers more frequently remained on-scene to work the resuscitation to ROSC or field termination. Remaining on-scene until EMS crews obtain either ROSC or exhaustion of efforts avoids the interruptions in CPR inherent to scene removal and transport of OHCA victims. 11, 44, 45 Moreover, the emergency department has historically lacked therapies for OHCA not already available in the field. Exchanging a highly organized pit crew resuscitation for what is an often a chaotic resuscitation effort in the emergency department seems unwise in most cases. Improvements in post-cardiac arrest care at receiving hospitals are also a likely contributor to improved outcomes. Regionalization of post cardiac care has been associated with improved patient outcomes in other systems. 38, 39 During the postintervention period, patients were preferentially taken to dedicated ST-elevation myocardial infarction receiving centers that had protocolized care for postarrest patients, including targeted temperature management and percutaneous coronary intervention. Consistent with these changes, postarrest coronary intervention increased in the postintervention period.
Limitations
While interventional, this study used a before-and-after analytic design, which may have been affected by temporal trends in OHCA survival. Additionally, multiple interventions were undertaken at once, and thus, the impact of individual changes to protocol cannot be measured. It is possible, for example, that improvements in outcome were largely due to improved hospital-based care. While this would not account for the increase in field ROSC observed, it may speak to the importance of EMS protocols that designate transport of the post-cardiac arrest victim exclusively to destination hospitals capable of performing 24-hour coronary intervention and targeted temperature management. Additionally, while the implementation of this protocol in a single, urban municipality led to local improvements in survival from OHCA, whether such a protocol is generalizable to other communities is uncertain at this time.
Conclusions
A multifaceted approach to improving OHCA resuscitation that focused on the inclusion of several AHA best practices for EMS care of OHCA patients was associated with improved survival and neurological outcome for patients in Salt Lake City, Utah.
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